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Abstract
OBJECTIVE: To study changes in pulse diagram pa-
rameters (PDP) in patients with cervical spondylo-
sis (CS) before and after acupuncture treatment, ex-
plore the characteristics of PDP and the relation-
ship between PDP changes and therapeutic effec-
tiveness, and provide evidence for outcome predic-
tion and objective evaluation of CS treatment be-
fore and after acupuncture treatment.
METHODS: Patients with CS were treated with acu-
puncture and measured with a pulse acquisition
device based on image (PADBI) before the first and
after the tenth acupuncture sessions. Changes in
PDP from before until after the acupuncture ses-
sions and patient impressions were analyzed to
judge the effect of acupuncture treatment for.
RESULTS: The PDP values in effective patients were
closer to normal values. This indicated that Qi stag-
nation and blood stasis of the patients was im-
proved. The PDP changes from before to after the
first acupuncture treatment were more obvious
than those from before to after the tenth acupunc-
ture treatment. This result indicates that the speed
of symptom improvement decreased significantly
after several acupuncture courses. Analysis of corre-
lation between efficacy and PDP showed that the
changes in PDP in five patients was abnormal,
which mainly manifested as values of h1, u, p, Pp,
and t1, and no significant changes or differences
were increased with standard values. This indicated
that the symptoms of CS were not improved in
these patients.
CONCLUSION: PADBI can provide evidence for out-
come prediction of acupuncture treatment in pa-
tients with CS. PADBI can provide evidence for ob-
jective evaluation of acupuncture treatment of CS.
© 2016 JTCM.
Key words: Spondylosis; Acupuncture; Pulse; Syn-
drome of blood stasis and Qi stagnation
INTRODUCTION
Feeling the pulse is one of the important diagnosing
methods in Traditional Chinese Medicine (TCM) for
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obtaining physiological and pathological information.
It is difficult to identify pulse patterns accurately be-
cause pulse conditions contain a lot of information.
The traditional method of feeling the pulse with the
fingers is subjective and results can vary from person to
person.
Cervical spondylosis (CS) is caused by degeneration
and prolapse of the cervical intervertebral discs and cer-
vical joints, which directly compress cervical spinal
nerves, vertebral arteries and the spinal cord. The ma-
jor clinical manifestations are pain along the neck and
shoulder, upper extremity numbness, and radiating
pain.1-3 CS is similar to that of Qi stagnation and blood
stasis in TCM. The etiology of CS is multifactorial and
involves poor posture, anxiety, depression, neck strain,
and sports or occupational activities.4 Conventional
medical treatments for CS neck are limited by their
modest effectiveness. TCM interventions have been
widely used for the management of CS neck pain5-8
and acupuncture is one of the most popular. Many clin-
ical studies have been conducted to evaluate the effica-
cy of acupuncture.9-11 While, modern medicine has
many diagnostic methods for CS, TCM diagnoses
mainly rely on auscultation-olfaction, interrogation,
and palpation, especially the pulse. Because of differ-
ences in understanding and clinical experience in tradi-
tional pulse-feeling, the objectification of pulse infor-
mation is important.
To study the significance of pulse acquisition device
based on image (PADBI) in the objective evaluation of
acupuncture treatment for CS, we used TD-III-Type
PADBI to measure PDP changes before and after acu-
puncture treatment in 50 patients with CS.
MATERIALS ANDMETHODS
Study population
This study included 50 patients suffering from CS be-
ing treated with acupuncture at the Chinese Medicine
outpatient clinic, Affiliated Baokang Hospital of Tian-
jin University of TCM between October 2010 and
March 2012. The group was composed of 38 women
and 12 men, ranging from 18 to 78 years old, with
an average age of 44.08. Of the 50 patients, 22 pa-
tients were under 40, 19 patients were 41-60 years
old, and 9 patients were aged 61 years or older. All
patients understood and agreed with the study items.
The study design was approved by Medical Ethics
Committee of Tianjin University of Traditional Chi-
nese Medicine.
Inclusion criteria
Patients were included if they were men or women
aged between 18 and 80, fit the diagnostic criterion es-
tablished in the 2nd Symposium Meeting on CS,12 and
agreed to sign the informed consent and complete
treatments on time.
Exclusion criteria
Patients with allergic constitution and needle syncope
were excluded. Patients were excluded if they had a seri-
ous primary disease such as severe hypertension, cardio-
vascular and kidney diseases, hematopoietic system dis-
eases, and other life-threatening diseases, or if they
were suffering from mental disorders. Patients unwill-
ing to participate in the study or were participating oth-
er medical trials were excluded.
Diagnostic criteria for CS
According to the 2nd Symposium Meeting on Cervical
Spondylosis, the general diagnostic principle for CS is
diagnosis by clinical manifestations and X-rays. If pa-
tients present with typical CS clinical manifestations,
but X-ray does not reveal abnormalities and other dis-
eases are excluded, then patients can still be diagnosed
as having CS. Patients without clinical chief com-
plaints and signs, but with abnormal X-rays should not
be diagnosed with CS.
Treatment
Acupoints selected were: Jiaji (EX-B2); Dazhui (BU
14); Fengchi (GB 20); Xinshe (EX-HN 21); Baihui
(BU 20); Sishencong (EX-HN 1); Quchi (LI 11);
Shousanli (LI 10); and Hegu (LI 4). Sterile single-use
acupuncture needles (40 mm in length and 0.30 mm
in diameter; Hwato brand, Suzhou Medical Products
Factory Co., Suzhou, China) were inserted into Jiaji
(EX-B2) points to a depth of 20 to 30 mm at an angle
of 75 degrees. The direction of needle insertion in
Fengchi (GB 20) was orientated towards the contralat-
eral canthus (to a depth of 25 to 30 mm). Points in the
head were inserted into the skin to the subcutaneous
tissue at an angle of 15 degrees to the point surface.
Other points were perpendicularly inserted. The insert-
ed needles were manually manipulated until the pa-
tient felt numbness or the acupuncture sensation
known as "De Qi." Needles were retained in the points
for 60 min. Sessions were administered once every oth-
er day with 10 sessions constituting one course.
Trial design
Fifty subjects with CS neck pain from outpatient clin-
ics were recruited and treated with acupuncture. Then,
their PDP was measured with PADBI before and after
the first and the tenth acupuncture treatments. The as-
sessment scale for cervical spondylosis (Table 1) used
in the study was based on the score diagram of treat-
ment on diseases of lumbar vertebrae,13 by the Japanese
Orthopaedic Association in 1984. The table includes:
clinical symptoms, clinical examination, and daily life
activity. The highest total score is 23, and the test was
scored according to ratings from the patients, with
higher scores indicating greater severity. Differences in
values were compared from before to after treatment.
Using this scale, if the difference was from 23 to 14
then treatment was considered markedly effective, 13
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to 6 was considered effective, and 5 to 0 was consid-
ered ineffective. This assessment scale can objectively
reflect improvements in cervical function, and quantita-
tively evaluate the efficacy of patients with CS.
One course of treatment with acupuncture was given
to each patient. The doctors performing all therapies
had extensive traditional Chinese clinical experience.
PDP was recorded before and after the first acupunc-
Name：
Chief complaint: neck pain/vertigo/upper limb pain, upper limb numbness /trauma course of disease:
1 subjective symptoms (the highest total scores were10)
(1) neck pain
no
very few mild pain
often have mild pain
often have severe pain
often have violent pain
(2) upper limb pain/numbness
no
very few mild pain/numbness
often have mild pain/numbness
often have severe pain/numbness
often have violent pain/numbness
(3) vertigo
no
mild
obvious
2 clinical examination (the highest total scores were 7)
(1) tenderness
no
mild
obvious
(2) compression of neck test
negative
positive
Annotations: this term is used as reference
Imaging diagnosis:
X-ray film: Hyperosteogeny Intervertebral foramen become smaller
Intervertebralspace become narrow Physiological flexion become straight cervical instability
Position: C2-C3 C3-C4 C4-C5 C5-C6 C6-C7
CT/MRI: intervertebral disc (Expansion Herniation Prolapse)
Position: C2-C3 C3-C4 C4-C5 C5-C6 C6-C
Sex： Age: Profession:
0
1
2
3
4
0
1
2
3
4
0
1
2
0
1
2
0
1
The highest total scores were 23
Score before treatment:
Score after treatment:
Prepared by: day year month
Prepared by: day year month
(3) crushing test of intervertebral foramen
negative
positive
(4) traction test of brachial plexus
negative
positive
sensation
normal
letdown
(6) muscle strength
normal
letdown
3 daily life activity(the highest total scores were 4)
(1) sleep and turning over
easy
difficult
very difficult
(2) cervical activities
easy
difficult
very difficult
4 the degree of self satisfaction
very satisfied
satisfied
not satisfied
Visiting date: day month year
0
1
0
1
0
1
0
1
0
1
2
0
1
2
0
1
2
Table 1 Assessment scale for cervical spondylosis
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ture treatment and before and after the tenth acupunc-
ture treatment. The parameters recorded and analysis
were extracted independently by other researchers.
Essential information including age, case history, and
treatment history were collected. All of the findings in
the history and physical examination were recorded in
a standard TCM assessment form. Patients were asked
to remain relaxed and were pulse-diagnosed by a TCM
doctor. Their pulse type of the left hand was recorded
before acupuncture treatment. PADBI was placed on
the left radial artery and the detection software was
started. Pulse signals were recorded for 30 s before acu-
puncture treatment. Then, the acupuncture treatment
was carried out for 60 min. Patients rested for 1-2 min
after withdrawing the needle, and pulse signals of were
recorded for another 30 s. Patients were pulse-diag-
nosed on the left side by a TCM doctor after treatment.
Statistical analyses
SPSS 18.0 statistical software (IBM Corp., Armonk,
NY, USA) was used for statistical analyses. Pulse mea-
surements are expressed as mean ± standard deviation.
Comparisons for pulse were analyzed by time domain
analysis. The inner-group comparison was analyzed by
t-test. A P value < 0.05 was considered statistically sig-
nificant.
RESULTS
Of the 135 patients that enrolled, 85 patients were re-
moved from the study. Forty-eight subjects failed to
comply with the treatment protocol and 37 had other
diseases during the course of the treatment (drop-out
rate, 62.96% ), leaving 50 patients in the final study
group. There were 38 women and 12 men, ranging
from 18 to 78 years old, with an average age of 44.08.
Among the 50 patients, 22 patients were under 40, 19
were 41-60 years old, and 9 were 61 years old or above.
The 50 patients with CS neck pain were treated with
acupuncture and had PDP measured with PADBI be-
fore and after the first and tenth acupuncture treat-
ments (Figure 1).
We used TD-III-Type PADBI to measure changes in
the PDP (p, u, t1, h1, Pp) before and after acupunc-
ture treatment in 50 patients with CS. The P angle is
the angle of the main wave, and can reflect changes in
vascular elasticity and condition of blood flow. De-
creased P angle indicates ameliorated vascular elasticity,
normal circulation of Qi and blood, unobstructed
blood flow, and little myocardial ischemia. The U an-
gle is the angle of ascent, and can reflect changes in vas-
cular elasticity and blood viscosity. Increased U angle
indicates better vascular elasticity and healthier Qi and
blood circulation. t1 corresponds to the rapid ejection
period of left ventricle. Decreases in t1 after treatment
indicate that Qi and blood are sufficient and indicate
normal function. h1 is the main wave height, and can
reflect the ejection function of the left ventricle and ar-
terial compliance. Increases in h1 indicate that the left
ventricular ejection function is enhanced, arterial com-
pliance is improved, Qi and blood are sufficient, and
Qi and blood circulation are healthy. The Pp value is
the numerical difference between two peaks in the
pulse wave. The numerical difference in normal hu-
man is commonly less than 0.12 s. Decreases in Pp af-
ter treatment indicate stable pulse wave rhythm and sta-
ble circulation of Qi and blood.
135 patients were assessed for eligibility
85 were not eligible
48 failed to comply with treatment protocol
37 had other disease during the course of the
treatment
50 patients in the final study, 10 sessions constituting one course, measured
the PDP before and after the first acupuncture treatment and compared,
before and after the tenth acupuncture treatment and compared
Before the first
treatment
(n = 50)
After the first
treatment
(n = 50)
Before the tenth
treatment
(n = 50)
After the tenth
treatment
(n = 50)
Comparative study Comparative study
Comparative study
Figure 1 Flow chart of participation in the study
66
JTCM |www. journaltcm. com February 15, 2016 |Volume 36 | Issue 1 |
Zhang HY et al. / Clinical Study
The pulse biology before and after the first treatment,
before and after the tenth treatment, and before the
first treatment and after the tenth treatment were ana-
lyzed (Figure 2, Tables 2-4). The PDP values of effec-
tive patients were closer to normal. This indicated that
the Qi stagnation and blood stasis of these patients was
improved. The data show that the changes in PDP val-
ues from before to after the first acupuncture treatment
were more obvious, than those from before to after the
tenth acupuncture treatment. Furthermore, patients en-
tered a consolidating adjustment period after one
course of treatment, which was also effective for acu-
puncture treatment, although the speed of symptom
improvement decreased significantly. Therefore, PAD-
BI has important significance on the objective evalua-
tion of acupuncture treatment in CS.
We found that the PDP (h1, u, p, Pp, t1) values are
closer to healthy after the tenth treatment in patients
whose PDP tended to be healthy after the first treat-
ment. Although the changes in PDP from before to af-
ter the tenth acupuncture treatment were less pro-
nounced, the values after the tenth treatment were clos-
1.0
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0.4
0.2
0.0
1 2 3 4
0.35
0.30
0.25
0.20
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0.10
0.05
0.00
1 2 3 4
1 2 3 41 2 3 4
1 2 3 4
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a
b c
a b
a
b
A B
C D
E
Figure 2 Boxplots based on pulse diagram parameters
A: Pp; B: t1; C: h1; D: u; E: p. 1: before the first acupuncture treatment; 2: after the first acupuncture treatment; 3: before the tenth
acupuncture treatment; 4: after the tenth acupuncture treatment. Pp value after the first and the tenth acupuncture treatment
was significantly lower than that before the first treatment. aP < 0.01, vs before the first treatment, bP < 0.01, vs before the first
treatment; t1 value after the first and the tenth acupuncture treatment was significantly lower than that before the first treat-
ment. aP < 0.01, vs before the first treatment, bP < 0.01, vs before the first treatment; h1 value after the first and the tenth acupunc-
ture treatment was significantly lower than that before the first treatment. aP < 0.05, vs before the first treatment, bP < 0.01, vs be-
fore the first treatment, cP < 0.05, vs before the tenth treatment; u value after the first and the tenth acupuncture treatment was
significantly lower than that before the first treatment. aP < 0.01, vs before the first treatment, bP < 0.01, vs before the first treat-
ment; p value after the first and the tenth acupuncture treatment was significantly lower than that before the first treatment. aP <
0.01, vs before the first treatment, bP < 0.01, vs before the first treatment, cP < 0.05, vs before the first treatment.
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er to normal than the values after the first treatment.
This is because of increasing differences value in the as-
sessment scale.
The analysis of correlation between efficacy and PDP
showed changes of PDP in five patients (the difference
was 5 to 0 in the assessment scale) that indicate ineffec-
tive treatment. This manifested as the values of h1, u,
p, Pp, t1 remaining constant or increasing (Table 5).
This indicated that the circulation of Qi and blood
were not adjusted. The symptoms of Qi stagnation and
blood stasis and arthralgia were not improved.
DISCUSSION
For CS, TCM considers that Qi and blood stasis and
arthralgia are the predominant disease changes. There-
fore, the clinical treatment for CS is focused on these
two aspects. In China, the use of acupuncture in the
treatment of CS neck pain has been suggested.14-17
TCM pulse diagnosis is one of the major clinical diag-
nostic methods in TCM, but the descriptions of pulses
are subject to the interpretation of individual doctors,
and this lacks quantitative standardization. King et al 18
tried to quantify TCM pulse diagnosis but were unable
to reflect pulse qualities adequately. We aimed to study
objective PDP parameters before and after acupunc-
ture treatment that reflect the blood-Qi changes of the
body.
In our study, we found that the pulse wave in patients
was disorganized and irregular before the first treat-
ment, especially in the anterior half, which indicates
the influence of the abnormal of Qi and blood caused
Index
Pp (s)
t1 (s)
h1 (mm)
u (deg.)
p (deg.)
Before treatment
0.221±0.237
0.133±0.060
13.520±9.105
85.110±2.554
69.817±43.229
After treatment
0.083±0.104a
0.107±0.028a
20.560±9.666a
86.529±0.961a
28.681±21.067a
t value
3.743
2.849
－3.906
4.016
6.143
P value
0.000
0.006
0.000
0.000
0.000
Standard value
<0.12
0.07-0.11
9-22
80-87
19-42
Notes: a total of 50 subjects with CS neck pain were treated with acupuncture. The needles were retained in the points for 60 min once ev-
ery other day with 10 sessions constituting one course. The pulse diagram parameter was measured with pulse acquisition device based on
image before and after the first acupuncture treatment and compared. Pp value is the numerical difference between adjacent peaks of the
pulse wave. The numerical difference of normal human is commonly less than 0.12 s. t1 corresponds to the rapid ejection period of the
left ventricle. h1 is the main wave height, it can reflect the eject function of left ventricle and arterial compliance. U angle is the angle of as-
cent, and can reflect changes in vascular elasticity and viscosity of blood. P angle is the angle of the main wave, and can reflect changes in
vascular elasticity and condition of blood flow. aP < 0.01, vs before the first treatment.
Table 4 Comparison of the pulse diagram parameters before the first acupuncture treatment and after the tenth acupuncture
treatment ( xˉ ± s)
Index
Pp (s)
t1 (s)
h1 (mm)
u (deg.)
p (deg.)
Before treatment
0.22±0.24
0.13±0.06
13.52±9.10
85.11±2.55
69.82±43.23
After treatment
0.12±0.16a
0.10±0.03a
17.10±7.78b
86.51±1.15a
31.87±21.73a
t value
2.748
3.019
－2.429
3.693
5.734
P value
0.008
0.004
0.019
0.001
0.000
Standard value
<0.12
0.07-0.11
9-22
80-87
19-42
Notes: a total of 50 subjects with CS neck pain were treated with acupuncture. The needles were retained in the points for 60 min once ev-
ery other day with 10 sessions constituting one course. The pulse diagram parameter was measured with pulse acquisition device based on
image before and after the first acupuncture treatment and compared. Pp value is the numerical difference between adjacent peaks of the
pulse wave. The numerical difference of normal human is commonly less than 0.12 s. t1 corresponds to the rapid ejection period of the
left ventricle. h1 is the main wave height, it can reflect the eject function of left ventricle and arterial compliance. U angle is the angle of as-
cent, and can reflect changes in vascular elasticity and viscosity of blood. P angle is the angle of the main wave, and can reflect changes in
vascular elasticity and condition of blood flow. aP < 0.01, vs before the first treatment, bP < 0.05, vs before the first treatment
Table 2 Comparison of the pulse diagram parameter before and after the first acupuncture treatment ( xˉ ± s)
Index
h1 (mm)
p (deg.)
Before treatment
17±7
34±26
After treatment
21±10a
29±21a
t value
－2.651
1.409
P value
0.011
0.165
Standard value
9-22
80-87
Notes: a total of 50 subjects with CS neck pain were treated with acupuncture. The needles were retained in the points for 60 min, once ev-
ery other day, with 10 sessions constituting one course. The pulse diagram parameter was measured with pulse acquisition device based on
image before and after the first acupuncture treatment and compared. h1 is the main wave height, it can reflect the eject function of left
ventricle and arterial compliance. P angle is the angle of the main wave, and can reflect changes in vascular elasticity and condition of
blood flow. aP < 0.05, vs before the tenth treatment.
Table 3 Comparison of the pulse diagram parameters before and after the tenth acupuncture treatment ( xˉ ± s)
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Item
Marked effect
Effect
No effect
Standard value
Pp (s)
0.064±0.096
0.067±0.060
0.23±0.24
< 0.12
t1 (s)
0.106±0.014
0.111±0.030
0.130±0.062
0.07-0.11
h1 (mm)
22.491±3.510
19.842±5.163
13.528±9.201
9-22
u (deg.)
86.724±0.675
86.464±1.360
85.092±2.576
80-87
p (deg.)
22.957±5.831
32.623±3.375
70.611±43.314
19-42
Notes: a total of 50 subjects with CS neck pain were treated with acupuncture. The needles were retained in the points for 60 min once ev-
ery other day with 10 sessions constituting one course. The pulse diagram parameter was measured with pulse acquisition device based on
image before and after the first acupuncture treatment and compared. Five patients (the difference value was 5 to 0 in the assessment scale)
did not see an effect, 27 patients (the difference value was 13 to 6 in the assessment scale) had significant changes, and eighteen patients
(the difference value was 23 to 14 in the assessment scale) had very significant changes.
Table 5 Analysis of correlation between efficacy and pulse diagram parameters ( xˉ ± s)
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by CS. However, the pulse wave became regular after
treatment. Based on the physiological significance rep-
resented by the PDP changes, we found that the tone
of the great vessels was lower, the arterial elasticity was
improved, and the pulse normalized. This indicated
that acupuncture can regulate vascular function, effec-
tively relieving the compression of spinal nerves and
vasculature. These changes can improve the dysfunc-
tion of Qi and blood caused by CS. Therefore, PADBI
has important significance in the objective evaluation
of acupuncture treatment for CS.
In addition, we found that the PDP was normalized af-
ter the tenth treatment in patients whose PDP was clos-
er to normal after the first treatment. The PDP after
the tenth treatment did not improve compared with
that before the first treatment when the PDP had no
obvious change from before to after the first acupunc-
ture treatment. Therefore, acupuncture treatment is ef-
fective for patients if it is effective after the first treat-
ment. The effect of acupuncture in the treatment of
CS is positive if patients continue treatment. The acu-
puncture treatment is ineffective for patients if it is in-
effective after the first treatment and it may not devel-
op favorable therapeutic effects if patients continue
treatment. After the tenth treatment, changes in PDP
did not improve in five patients, which indicated that
their CS symptoms were not improved.
Changes in pulse information can reflect changes in
Yin-Yang, Qi-blood, the function of viscera, and it can
reflect hemodynamic changes in the cardiovascular and
circulatory system. The transition of traditional sphyg-
mology from qualitative to quantitative was an impor-
tant aspect of the objective and standardization of
sphygmology. Standardization has important signifi-
cance to the development of pulse diagnosis in TCM.
According to analysis of PDP by time domain analysis,
we found that the PDP significantly changed from be-
fore to after acupuncture treatment. The main manifes-
tations of the time domain signals were disorganized in
patients, but they became regular after treatment. This
is because CS has relatively obvious influences on the
central nervous system. Time domain analysis mainly
analyzes the relationship between amplitude of pulse
signals and phase of pulsation. Therefore, disorganized
signals before the first treatment became regular after
treatment. This change indicates that the compressive
symptoms of the neck were improved and the central
nervous system symptoms were relieved after acupunc-
ture treatment.19
In conclusion, changes in PDP parameters and symp-
toms in patients with CS after treatment are consis-
tent, so PDP could be used to study standard treat-
ment CS. Changes in PDP from before until after the
first acupuncture treatment and the efficacy of late
treatment are consistent. Therefore, PDP before and af-
ter an initial acupuncture treatment could be a predic-
tive index of efficacy.
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